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Abstract 
We present a concept for autonomous, long-term and high-pressure fluid transport on disposable microfluidic chips, which are 
fully bio-compatible and compostable. The actuation principle is based on ethanol fermentation, a well-known biological process 
in which yeast cells convert molecules like sucrose into cellular energy and thereby produce ethanol and carbon dioxide (CO2) as 
metabolic waste products. A two-chamber fluidic system separated by a flexible membrane is suggested for active fluid transport 
utilizing a bio-reactor. One chamber, connected to the outside via a pressure-sensitive valve, contains the fluid to be actuated, the 
other one the culture medium for the yeast cells. Once the yeast cells are injected into the culture medium, ethanol fermentation 
and thus the production of CO2 starts, which builds up pressure on the membrane and hence also on the fluid chamber. As soon 
as the switching point of the pressure sensitive valve is reached, fluid transport at a predefined and constant flow rate starts. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction and Motivation 
Microfluidics is a highly interdisciplinary research field associated with manipulation and control of small 
amounts of fluids [1]. Typically active fluid transport on microfluidic chips is realized by the integration of 
microfluidic pumps [2] which require either the connection to external power supplies or external stimulation e.g. by 
electromagnetic fields. Concepts for autonomous and controllable fluid transport, particularly suited for mobile and 
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disposable applications, are rare. We consider a biological ethanol fermentation process as being well-suited to meet 
these requirements [3]. Based on this idea we designed a test device, capable of pushing fluid through a microfluidic 
system at a predefined and constant flow rate, fully bio-compatible and easy to fabricate. 
2. Device concept and operation principle 
Fig. 1 shows the basic concept of the suggested fluid actuation concept. Yeast cells are initially isolated from the 
culture medium, as for instance, by a breakable seal. Once the seal is broken, e.g. by finger pressure, yeast cells are 
injected into the culture medium and the production of ethanol and CO2 starts. The reaction rate of the process can 
be adjusted to a predefined value by choosing the composition of the culture medium; the more sucrose the faster 
the process. The increased amount of CO2 in the reaction chamber increases the pressure in the whole reactor, also 
in the fluid chamber separated by the membrane. As soon as the switching point of a pressure-sensitive valve, see, 
e.g., [4], is reached, fluid is pushed through the outlet at a predefined rate. 
 
 
Fig. 1. Fluid actuation concept by ethanol fermentation: in the initial state the yeast cells are separated from the culture medium (bottom). Once 
the seal (dotted line) is broken, ethanol fermentation starts producing CO2 which exerts pressure on a deformable membrane (middle). As soon as 
the pressure in the chamber exceeds the switching point of the pressure-sensitive valve, fluid is pushed out of the device at a predefined, constant 
rate (top). 
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3. Fabrication technology 
For realization of the bio-reactor for our test device we used commercial standard components. A 2 ml glass vial 
with a filter screw cap, already featuring a hole for the deformable membrane, was chosen as a container for the 
culture medium. A piece of nitrile rubber was chosen for realization of the flexible membrane, which was gas-
tightly clamped to the glass vial with the screw cap. In our first test device we have not yet implemented a breakable 
seal for injection of the yeast cells into the culture medium, rather we admixed the cells just before closing the glass 
vial with the screw cap holding the flexible membrane. This is feasible since there is anyway a few minutes delay 
before the fermentation process starts. Fig. 2 depicts a sequence of photographs showing the effective pressure 
generation by ethanol fermentation at room temperature in the bio-reactor, which leads to considerable membrane 
deformations. 
 
 
Fig. 2. Sequence of photographs showing the effective pressure generation by ethanol fermentation at room temperature. At t = 0 min one 
milliliter of the water/sucrose culture medium was brought into contact with yeast cells. 
 
The actual housing of the test device containing the bio-reactor with the deformable membrane on top, the 
working fluid chamber, and the pressure sensitive valve at the outlet was made of Aluminum by precision 
machining. Fig. 3 depicts the disassembled test device consisting of the main part with the integrated bio-reactor and 
its flexible membrane in direct contact with the working fluid chamber above, and the top cover sealing the fluid 
chamber with the outlet and the integrated pressure sensitive valve (not visible in the picture). 
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Fig. 3. Picture of disassembled test device; membrane (light blue) with culture medium underneath and the actuated volume above (left), top 
cover with pressure sensitive valve (right). 
The pressure sensitive valve was fabricated in PDMS (polydimethylsiloxane) technology [5] by casting and 
curing a thin layer of PDMS, which was subsequently scratched at the desired valve position for realization of small 
incisions. The switching point is defined by the thickness of the PDMS layer and the geometry and shape of the 
incisions. Fig. 4 depicts a photograph of such a pressure sensitive valve, consisting of cross-shaped incisions in the 
PDMS layer which is slightly thicker at the valve position in order to push the switching point to higher values. 
 
 
Fig. 4. Picture of the pressure sensitive valve realized in PDMS technology: defined incisions (cross-shaped, ~5 mm in diameter) in a  membrane 
(1.5 mm thickness) bend up and let the fluid through as soon as the applied pressure exceeds a specific, geometry dependent level. 
Finally, the PDMS layer with the valve was fit into the test device between the fluid chamber and the top cover 
with the valve position aligned with the outlet (see Fig. 3). In this configuration the PDMS layer containing the 
valve acts as a sealing for the working fluid chamber too.  As the pressure in the working fluid camber rises, induced 
by the rise in pressure in the bio-reactor which is directly transmitted to the working fluid chamber via the flexible 
nitrile-rubber membrane, the incisions in the PDMS layer deform and once the switching pressure is reached, they 
open and the working fluid starts to flow. 
4. Experimental results 
First of all, the suitability of our bio-reactor as a driving unit for active fluid transport has been characterized. For 
this purpose the force on the membrane of the bio-reactor has been measured as a function of time with a high-
precision force gauge. At t = 0 min a specific amount of yeast cells were injected into the culture medium and the 
ethanol fermentation process respectively the production of CO2 starts. Fig. 5 shows the measured force for two 
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different concentrations of sucrose in the culture medium at room temperature (23°C). As it can be seen from the 
graph, with a delay of only a few minutes the pressure in the bio-reactor starts to increase, and after the initial phase 
of the bio-reaction process the reaction speed or at least the CO2 induced pressure increase in the reactor exhibits a 
linear behavior in time. This linear pressure increase in the bio-reactor can now be utilized to push liquid through a 
microfluidic network at a predefined and constant value at a timescale of hours, depending on the geometrical layout 
of the bioreactor, by applying the induced pressure to a chamber filled with working fluid (see device concept in 
Fig. 1. and its realization in Fig. 4). 
 
 
Fig. 5. Measurement of the exerted force over elapsed time on a flexible membrane with 6mm diameter for two different concentrations of 
dissolved sucrose in 1 ml of water. At t = 0 min the ethanol fermentation process starts. 
 
Fig. 6 shows the measured flow rate in a silicone tube (inner diameter 1 mm, total length 5 m) attached to the test 
device (Fig. 4) as a function of time for two different concentrations of dissolved sucrose in the culture medium. 
During the initial phase of pressure build up in the bio-reactor the pressure sensitive valve is closed, but as soon as 
the switching point of the valve is reached the fluid starts to flow at a constant and predefined value depending on 
geometry of the bio-rector and composition of the culture medium. In simplified terms, the more sucrose in the 
culture medium, the faster and the more intense the ethanol fermentation process, and hence the higher the induced 
pressure and the corresponding flow rate in the system. Thus, since the same pressure sensitive valve was used in 
both experiments, the fluid transport in the setup with the higher concentration of sucrose in the culture medium 
starts earlier and with a higher flow rate compared to the setup with the lower concentration of sucrose in the culture 
medium. 
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Fig. 6. Measured flow rate over elapsed time for two different concentrations of dissolved sucrose in 1 ml of water. At t = 0 min the ethanol 
fermentation process starts. 
5. Conclusion 
We have shown the feasibility of using the biological ethanol fermentation process as the driving unit for 
autonomous and high pressure fluid transport in microfluidic setups. Surprisingly stable and reproducible flow rates 
have been measured with our test device, although neither the constituents of the culture medium nor the type of 
yeast cells utilized for the fermentation process have been optimized. The proposed concept may, further 
miniaturized, be utilized for integration into disposable lab-on-a-chip solutions, or it may be designed as an 
exchangeable driving unit for microfluidic based analytic instruments. 
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